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Introduction
Sunlight exposure is the main source of vitamin D. The human skin has a large capacity for vitamin D production. Under normal conditions, the skin is able to supply the body with 80-100 per cent of vitamin D requirement (Webb et al., 1990 (Webb et al., , 1988 Lo et al., 1986; Beadle, 1977) . The fact that the body can produce vitamin D by itself has changed our understanding of this substance. It is no longer believed to be a true vitamin, but rather a steroid hormone. However, the direct exposure of the skin to sunlight is critical, and any limitation in sunlight exposure may result in vitamin D deficiency (Lo et al., 1986; Beadle, 1977) .
It has been reported that women in many Arab countries such as Bahrain, Egypt, Iran, Iraq, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, Syria, Turkey, the United Arab Emirates, Morocco and Yemen are commonly vitamin D-deficient (Anouti et al., 2011; Allali et al., 2009; Fuleihan, 2009; Saadi and Dawodu, 2005; Ghannam et al., 1999; Woodhouse and Norton, 1982) . These observations can be explained due to limited sun exposure, lifestyle factors (obesity, wearing a dress which covers the whole body including the face and hands and decreased outdoor activity), dark skin color due to the presence of melanin, hot climate, prolonged breastfeeding without vitamin D supplementation and decreased calcium intake (Fuleihan, 2009; Saadi and Dawodu, 2005; Gannage-Yared et al., 2000; Wortsman et al., 2000; Ghannam et al., 1999) . In Jordan, studies among different age groups reported the high prevalence of vitamin D deficiency (Batieha et al., 2010; Gharaibeh and Stoecker, 2009; Mishal, 2001) . The findings also reported that women wearing hijab (a dress style covering the whole body but sparing the face and hands) or neqab (a dress style that covers the whole body including the face and hands) were at a higher risk for low vitamin D than were women with a Western dress style (Batieha et al., 2010) . Jordan is generally a sunny country throughout the year, except in winter. Although Jordan enjoys plentiful sunshine, the previous data suggested widespread vitamin D deficiency in Jordan. It could be because the vast
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Vitamin D deficiency majority of Jordanian women are either wearing hijab or neqab for religious or cultural reasons; the remaining women have a Western dress style, but they generally use sunscreens when they go out. Women are also likely avoiding exposure to sunlight (Batieha et al., 2010) .
Knowledge of the prevalence of vitamin D deficiency among female university students and employees in Jordan is of great importance, as vitamin D has an implication for general health. Including those two populations with varied age groups in the study can add more clarification on risk factors that could be associated with 25-hydroxyvitamin D (25-OHD) deficiency. Although vitamin D status has assumed pandemic proportions all over the world, there are no reliable data on the vitamin D status of the local healthy population in Jordan. Therefore, this study sought to determine the prevalence of vitamin D deficiency among a representative sample of female students and employees and, then, to trace variables that may affect circulating 25-OHD status.
Material and methods

Subject selection
Serum blood samples were taken from 320 healthy female -160 students and 160 employees -aged between 18-65 years old who presented for routine checkup at the medical center of Hashemite University (HU). Subjects with known hepatic or renal diseases, metabolic bone diseases, malabsorption, type 1 diabetes, hypercortisolism and malignancy; those immobile for more than one week; those on medications influencing bone metabolism; as well as pregnant and lactating women were excluded from the study. Subjects were recruited between March and June 2013 (spring season) to document vitamin D status in the studied population living in Jordan. This region lies between latitudes 29°19= N and 32°35= N. The solar zenith angle at noon in summer ranges from 8.5°to 31.3°and in autumn from 31.3°to 55.4°. Average sunshine is 10 hours/day during summer and 8 hours during winter.
Ethical consideration
All the study participants were formally consented before their participation. The Hashemite University Institutional Review Board (IRB) approved the research. The response rate was high (93 per cent). Twenty-two questionnaires were excluded due to some missing values and withdrawal of some participants to complete the questionnaires at a specific point.
Nutritional habits and lifestyle data
All participants were asked to complete a questionnaire composed of three parts: the first one was about the socio-demographic data (age, gender, living area, education and income); the second part was about lifestyle and medical information (weight, height, fat per cent, BMI, physical activity, smoking, hijab dress, color of the skin, sunscreen use, time spent under the sun directly and medicines); and the third part was a food frequency questionnaire (FFQ) to estimate the amount of vitamin D and calcium consumed on daily basis. The color of the skin was divided into three categories (black or dark, wheatish [light brown], blonde and white) (Batieha et al., 2010) . Skin color was determined by the investigator.
All questionnaire information was obtained using a face-to-face interview. The used FFQ was adopted from Pasco et al. (2000) . Three food items were removed (champagne, NFS 45,1 beer and fruche) and one food item had been added (cooked yogurt) to make it culturally sensitive. Foods rich in vitamin D, calcium and phosphorus (all types of milk, yogurt, cheeses, fish and other sea foods, white and brown breads, or mixed grain, etc.) were included in the FFQ. Estimated sizes of portions as well as number of servings eaten each day or week were obtained. Food models and standard measuring tools were used to help participants estimate portion size. Responses on frequency of consumption and serving size for each food item were converted into average daily intake. All of this was performed with the help of trained dietitians to ensure accuracy of collected information. The software package ESHA (ESHA Food Processor SQL version 10.1.1; ESHA, Salem, Oregon) was used to calculate the average daily intake of vitamin D, calcium and phosphorus. The software package was designed for this kind of estimation and contains information on the content of vitamin D, calcium and phosphorus in all known Arabic food items.
Anthropometric measurements
Body weight was measured to the nearest 100 g, with minimal clothing and without shoes, using a calibrated portable scale (Seca, Germany) (Lee and Nieman, 2007) . Height was measured to the nearest centimeter with the subject in the full standing position without shoes by using a calibrated portable measuring rod (Seca, Germany) (Lee and Nieman, 2007) . Body mass index (BMI) was calculated as the ratio of weight in kilograms to height in meter square. Participants' BMI was then categorized into four groups as follows: underweight (Ͻ 18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ), overweight (25-29.9 kg/m 2 ) and obese (Ͼ 30 kg/m 2 ) (Lee and Nieman, 2007) ; the normal-weight group was used as the reference in the analysis. Waist circumference (WC) was measured at the narrowest level between the lowest rib and the iliac crest at the end of normal expiration; WC categorized to be low risk for disease if Յ 88 cm and high risk if Ͼ 88 cm (Lee and Nieman, 2007) , while hip circumference (HC) was measured at the maximum level over light clothing without any pressure to body surface and then used to calculate waist-to-hip ratio (WHR) by dividing WC on HC; WHR was recognized to be high risk for disease if Ն 0.85, moderate risk if 0.81-0.85 and low risk if Յ 0.8 (Lee and Nieman, 2007) . Body fat per cent (fat per cent) was measured by using bioelectric impedance (Tanita, Japan) and classified into: thin (Ͻ 20 per cent), normal (20-29 per cent), overweight (30-34 per cent) and obese (Ͼ 35 per cent) (Lee and Nieman, 2007) . All of these anthropometric measurements were taken by well-trained students.
Determination of serum 25-OHD concentration
Participants were instructed to fast at least 12 hours before collecting the blood samples; qualified laboratory technicians collected the blood samples from the participants. Blood samples were collected from the brachial vein into lithium heparinized tubes using a 5-ml syringe. The samples were centrifuged at 3,000 rpm for 5 minutes, and the plasma was isolated from the cells and filled in vials, which were then stored at ™70°C until being transported to a central, certified laboratory (laboratory department of the specialty hospital in Amman) where analysis was performed. Serum 25-OHD concentrations were assessed in one aliquot of stored serum using standard commercial Architect kits manufactured by Abbott Diagnostic Division, Germany. The Architect 25-OH vitamin D assay is a chemiluminescent microparticle immunoassay (CMIA) for the quantitative determination of 25-OHD in human serum and plasma. The fully
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Vitamin D deficiency automated Architect assay is designed to have precision of Յ 10 per cent total coefficient of variation (CV) for concentrations within laboratory (total) CV. The assay was conducted according to the manufacturer's instruction using the Architect analyzer. Reference ranges used in this study based on the Architect kit were as follows: deficiency (Ͻ 25 nmol/l), insufficiency (25-74 nmol/l), sufficiency (75-250 nmol/l) and toxicity (Ͼ 250 nmo/L) (Noureldeen et al., 2014; Sehrawat et al., 2014; IBL-International, 2009 ).
Statistical analysis
The prevalence of vitamin D concentrations according to age group in vitamin D-deficient subjects and controls was compared using a chi-square test. The effect of age groups on the vitamin D status measurement and the dietary intakes among the subject groups were assessed for statistical significance by analysis of variance using SPSS. Data were presented as means Ϯ SD. Descriptive analysis was done for socio-demographic and laboratory tests, and proportions were determined. Post hoc Tukey's test was performed among the different groups to observe any changes between them. Multivariate logistic regression analysis was conducted to identify factors associated with vitamin D deficiency, adjusting to age; BMI; and calcium, phosphorous and vitamin D intakes. Statistical significance was taken as p Ͻ 0.05. All statistical analyses were performed using SPSS version 16.00.
Results
The age of the participants was between 18 and 65, with a mean of 27.6 Ϯ 9.1, years. Table I shows the prevalence of vitamin D deficiency in the study population by using selected variables. The majority of the subjects (270; 92.2 per cent) were non-smokers, but 23 (7.8 per cent) were smokers. Fifty-seven (19.8 per cent) participants took vitamin and/or mineral supplements compared with 231 (80.2 per cent) who did not, suggesting that the use of these supplements was less common among those subjects who participated in the present study.
Women wearing a hijab constituted 90.7 per cent of the sample. Wheatish participants constituted 57.3 per cent of the sample, and the rest were black/dark (4.11 per cent) and blonde/white (38.6 per cent). Furthermore, 188 (64.4 per cent) participants reported that they had used sunscreen daily, compared with 104 (35.6 per cent) who reported that they had not used any sunscreen daily. The majority of the participants were either normal (49.3 per cent) or overweight (27.4 per cent). Those who were obese accounted for 19.2 per cent, while only 4.11 per cent were underweight.
Females students had significantly (p ϭ 0.00) higher prevalence (31.2 per cent) of vitamin D deficiency compared with employees (20.5 per cent). The younger age group (18-24 years) had a significant higher prevalence (31.4 per cent) than the older age group (Ն 24 years, 20.1 per cent, p ϭ 0.00). Similarly, single subjects had significantly higher prevalence of vitamin D deficiency compared with married and divorced subjects. Monthly family income, education level, region, dress style, skin color, sunscreen, sun exposure, BMI, WHR, WC, fat content, physical activity, breastfeeding, parity, inter-pregnancy intervals, smoking status, history of chronic diseases and supplement intake were not associated with low vitamin D status, as shown in Table I . Figure 1 shows vitamin D status of the study population by age and gender. The prevalence of vitamin D deficiency among all students (30.7 per cent) was significantly higher (p ϭ 0.00) than employees (20.6 per cent). Much higher rates of vitamin D NFS 45,1 
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Vitamin D deficiency Notes: Groups analyzed by Pearson chi-square test (2-sided); statistical significance was taken as p < 0.05.Vitamin D deficiency was significantly higher among all students and younger age subjects (< 24 year) compared with employees (*p = 0.01) and older age subjects (**p = 0.01), respectively 
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Vitamin D deficiency insufficiency (28.4 per cent) and sufficiency (2.39 per cent) were observed in employees compared to students. The prevalence of vitamin D deficiency was highest in all participants Ͼ 24 years of age compared to the other age group.
When all of the previous data were subdivided by subjects (students/employees), there were no significance differences between vitamin D status and these reported variables, so the data have not been included. However, the prevalence of low vitamin D status (deficiency and insufficiency combined) was significantly higher in female students using sunscreen (at least covering the face and hands) than those who did not use sunscreen (p ϭ 0.03). However, the effect of sunscreen on employees did not reach statistical significance (p ϭ 0.07), as shown in Table II .
The mean concentrations of dietary intakes were compared for both students and employees in all age groups recruited in this study, as shown in Table III In multivariate analysis as shown in Table IV , the only variables that were significantly associated with low vitamin D status were direct sun exposure, working status and previous chronic diseases. Compared to employees, female students had higher odds of vitamin D deficiency status (adjusted odds ratio [OR] ϭ 2.87, p ϭ 0.00). History of chronic diseases was associated with higher odds of vitamin D deficiency status (adjusted OR ϭ 0.65, p ϭ 0.03). Direct sun exposure for 30 minutes daily (adjusted OR ϭ 4.55, p ϭ 0.03) was associated with higher risk for vitamin D deficiency compared to sun exposure for Յ 15minutes.
Discussion
In the present study, the daily intake of vitamin D appeared to be similar for both female students and employees. However, younger students (Ͻ 24years of age) had higher prevalence of vitamin D deficiency (p Ͻ 0.05) and an even higher OR of vitamin D deficiency compared to older employees (Ն 24years of age), in spite of the fact that they were apparently healthy, educated, living in a sunny country, wearing a dress that covered most "Hijab" or all "Neqab" of their skin as well as had a similar level of food intake. In addition, fearing skin cancer, younger students prefer using sunscreen daily on their face and hands and have less outdoor physical activity compared to older employees.
The absence of a relationship between BMI and 25-OHD levels in the present study may be attributed to the fact that most of the participants were in the normal BMI range and only few cases were obese, although normal-weight subjects had higher OR of vitamin D deficiency compared to females with obese BMI. This supports the concept that normal-weight females need special attention and treatment of vitamin D deficiency. This inconsistent relationship cannot be generalized to the wider population due to the small size generally used by the present study.
Exposure to sun for 45 minutes and more mid-morning or mid-afternoon in summer had lower OR of vitamin D deficiency compared with sun exposure for Յ 15 minutes, suggesting that short ultraviolet (UV) radiation exposures of few minutes (e.g. 6-7 minutes) may be more efficient at producing vitamin D, as prolonged exposure to UV radiation results in the production of sterols that have little effect on mineral metabolism (Holick, 2007) . However, exposure to sun for 30 minutes may increase the risk for vitamin D deficiency. Many studies showed that exposure to sunlight for 5-15 minutes between the hours of 10:00 and 15:00 during the spring, summer and autumn is usually enough exposure for individuals (Holick, 2004; Chen et al., 1999; Lu et al., 1992) . This may be explained by the fact that vitamin D activation process is inhibited every 15 minutes to prevent its accumulation in the blood. Therefore, the best exposure period to sunlight was found to be Յ 15 or about 40-45 minutes. Further studies are required to examine the relationship between circulating vitamin D in the body and sun exposure variables.
This study found association between history of chronic disease and vitamin D deficiency. This is in agreement with findings of observational studies, where autoimmune diseases, cardiovascular and metabolic diseases, some cancers, microbial and respiratory disease and some neurological and mental health conditions, including schizophrenia, as well as all causes of cardiovascular mortality, have been associated with low levels of circulating serum 25-OHD (Pilz et al., 2013; Brondum-Jacobsen et al., 2012; Lindel€of et al., 2012; Wang et al., 2012; Zittermann et al., 2012; Deluca et al., 2011) . On the other hand, the decrease in vitamin D deficiency for divorced subjects compared with single or married subjects may be due to lower number of divorced participants (2.41 per cent).
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In this study, the prevalence of vitamin D deficiency was not affected by income level, education level, region, dress style, daily sunscreen use, skin color, physical activity, smoking status and parity. This differs from the only previous study of vitamin D in Jordan (Batieha et al., 2010) which showed significant association between these factors and vitamin D status. This cannot be attributed to the small sample size only, but it is likely to be due to differences in the study population (Batieha et al., 2010) .
Vitamin D status has been extensively studied among Jordanian females in the past decade. It has been reported that the prevalence of low serum vitamin D during summer was 31 per cent in Western-dressed women, 55 per cent in women wearing a hijab and 82 per cent in women wearing a neqab (Mishal, 2001) . Similarly, the prevalence of low vitamin D status was 36.5 per cent, 37.9 per cent and 29.5 per cent among Jordanian women wearing a neqab, hijab and Western dress, respectively (Batieha et al., 2010) . However, the prevalence of low vitamin D status was 33.6 per cent in women aged 19-39 years, 26 per cent in women aged 40-59 years and 25.6 per cent in women aged Ն 60 years. Predictors of low vitamin D status were dress style and age (Batieha et al., 2010) . In another study in Jordan, levels of 25-OHD Ͻ 30nmol/l were reported in 62 per cent of 146 healthy men and women living in Amman aged 18-45 years in summer and 50 per cent in winter, predictors of low serum 25-OHD levels being season and dress style (Mishal, 2001) . Furthermore, in a survey of 93 premenopausal women and their preschool children living in northern Amman, 49 per cent of the mothers and 61 per cent of children had serum 25-OHD levels Ͻ 20nmol/l. Predictors of low vitamin D levels in mothers were age and parity, and for children, the predictor was socioeconomic status (Gharaibeh and Stoecker, 2009) .
The mean serum 25-OHD level among randomly chosen Saudi Arabian women was 9 nmol/l compared with 42.8 nmol/l among westerners living in Saudi Arabia (Woodhouse and Norton, 1982) . In another study conducted in a university, student and elderly from Saudi Arabia showed that a mean 25-OHD status ranged between 10 and 30 nmol/l (Sedrani et al., 1983) . The most likely explanation for these findings is that all Arabs (women: veiled and non-veiled) avoid direct sun exposures and wear long sleeves when outside.
Despite the fact that direct comparisons of results of different studies are difficult due to the use of different methods for the measurement of 25-OHD levels and because different definitions for vitamin D deficiency have been used, the findings of our study indicate that the rate of vitamin D deficiency status has an increasing trend and young females were particularly at risk.
It is possible that there may be other important factors like extent of skin coverage, altitude, season, skin pigmentation, obesity, geographical variation, different lifestyle, racial and ethnic differences, genetic factors, absorption of vitamin D, air pollution, insufficient intake of vitamin D as well as the vitamin D content of food and fortification of food products with vitamin D that were not taken in consideration in this study that could influence the vitamin D status of subjects.
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Study limitations
The present study has some important limitations. First, this study based on serum 25-OHD results, which alone, without biochemical parameters such as parathyroid hormone (either primary or secondary), might be linked to accelerated degradation of 25-OHD and shorter half-life. Second, the half-life of 25-OHD was not consistently available. Third, the smaller sample size of participants. Fourth, the used FFQ was specific for the estimation of calcium intake and then adjusted for the estimation of vitamin D intake. Finally, the present study did not distinguish between intake of vitamin D2 and D3. This limitation caused our inability to precisely evaluate the prevalence of vitamin D deficiency in the studied population.
Health implications
This study indicates that it is crucial to create awareness concerning the daily intake of vitamin D in the community to avoid long-term complications related to vitamin D deficiency by using urgent measures including vitamin D supplementation and fortification of some highly consumed food, milk and other dairy products. Educational endeavors about sensible sun exposure should be implemented to improve vitamin D status among this population.
The findings of the present study call for action at the national level to build strategies for health promotion about vitamin D supplementation in groups at risk for low supplementation (e.g. younger female students, with previous chronic diseases and poor sun exposure), and engage these populations in strategizing for successful and demographically relevant outreach and education in their own communities along with effort to prevent obesity and diabetes as well as raising awareness through simple programs to prevent and treat vitamin D deficiency among women living in Jordan.
